SUMMARY Ventricular volumes have been measured from CT scans of patients with benign intracranial hypertension both at initial presentation and at a later date. Volumes initially were smaller than normal, but at review five patients showed a significant increase in ventricular size. Persisting small ventricular volume correlated with persisting symptoms and signs and with persisting obesity. This supports the view that patients with benign intracranial hypertension have brain swelling and that obesity may be implicated in the pathogenesis, perhaps via a neuroendocrine disturbance. It is suggested that weight reduction may be an important component of treatment.
The cause of the raised intracranial pressure in benign intracranial hypertension is controversial; brain swelling or decreased absorption of cerebrospinal fluid have been proposed as the mechanism. Foley' pointed out that, depending on which of these two factors was responsible, the effects on the ventricles would differ (fig 1) . In a previous paper we reported that patients with benign intracranial hypertension could be shown, by measurement based on computed tomography, to have small ventricles at the time of their initial presentation. 2 The safety of CT scanning and, from the patients' point of view, its simplicity make it possible to follow the natural history of the disease in a way that was not permissible with angiography or pneumoencephalography. If the condition were one of brain swelling, the volume of a patient's ventricles would be expected to change in the course of the illness; in particular, resolution of clinical features would be associated with an increase in ventricular volume. We tested this hypothesis by re-examining patients with benign intracranial hypertension at an interval after the initial presentation. We report the changes in ventricular volume and their relationship to the clinical course and to other clinical features, particularly body weight.
Patients and methods

Patients
Fifteen female patients with benign intracranial hypertension were reviewed clinically and on the same day re-examined by CT scan. In each patient a diagnosis of benign intracranial hypertension had been made at the time of initial presentation to the Institute of Neurological Sciences, after demonstration of increased CSF pressure and exclusion of a space occupying lesion by the CT scan. The interval between scans ranged from 5 months to 59 months with a mean of 26 months. The ages of the patients at review varied from 12 years to 48 years with a mean of 31 years. Eight patients were significantly overweight. Ideal weight for height was calculated from the 
Measurement of the ventricular volume
The CT scan data on floppy disc were fed into a Digital PDP-11 computer with a television display. The software "region of interest" facility was used to outline the ventricular region and representative regions of brain tissue. There was no difference in the Hounsfield numbers of the brain in patients and control subjects and we therefore considered pixels with Hounsfield number of less than 20 to represent mainly CSF. The volume of the lateral and third ventricles was calculated by counting the number of pixels deemed to be mainly CSF in each slice and summing the results over the six or eight contiguous slices which comprised the complete scan. The fourth ventricle was not included because it could not be outlined in every case.
Results
The volume of the ventricles Ventricular volume of the 18 control subjects ranged from 4-5 ml to 22-0 ml (mean 11-7 ml). Ventricular volumes of the 15 patients with benign intracranial hypertension at initial presentation ranged from 1-3 ml to 8-4 ml (mean 4-2 ml) and at follow-up from 1-9 ml to 19-5 ml (mean 6-2 ml) (fig 4) . Figure 5 shows the relation between ventricular volume, weight and clinical score. It can be seen that patients with larger final ventricular volumes had normal weights and no or mild symptoms, whereas those with persisting small ventricles tended to be more than 15% overweight and still to have symptoms and signs.
Discussion
This is the first study in which ventricular volumes of patients with benign intracranial hypertension have been studied serially. Previous studies with CT scan have concentrated on its use as a diagnostic tool that may allow the exclusion of a space occupying lesion with a high degree of accuracy without the use of invasive techniques. 4 The small ventricular volumes which we previously showed to be present at initial presentation were found to increase in some patients and to remain unchanged in others. Patients whose ventricles had returned to a size within the normal range were clinically better at review than those whose ventricles were persistingly small.
That patients with benign intracranial hypertension have small ventricles at the time of initial presentation and that a subsequent increase in ventricular volume into the normal range is associated with clinical improvement, is further evidence in favour of the condition being due to brain swelling. If the primary pathogenic mechanism were decreased absorption of CSF,5 then one would expect to see initially large ventricles which become smaller with clinical improvement. One of the objections which has often been raised to attributing the cause of the raised intracranial pressure in patients with benign intracranial hypertension to oedema or brain swelling is their remarkably well preserved conscious state. However, in the presence of extracellular or vasogenic oedema, normal neurological function and electrical function are preserved6 7 and it is only when secondary factors such as tissue tension gradients, brain shifts and reduced cerebral blood flow come into operation that neurological function is impaired. Another factor which some regard as evidence against benign intracranial hypertension being a form of brain swelling is the undoubted efficacy of ventricular shunts and lumbar punctures. On the other hand, ventricular shunting may have a non-specific effect in relieving intracranial hypertension by the venting of CSF, whether or not this is the intracranial compartment which is primarily expanded. Similarly, the benefit of lumbar punctures may be by a nonspecific mechanism. Because the brain swelling is generalised, lumbar punctures will result in an even reduction in pressure and will not produce pressure gradients; thus there is not the same danger of subsequent shift or coning as there would be if a mass lesion were present.
The Hounsfield numbers of the brains of patients and controls are similar but this does not exclude the presence of brain swelling, nor of it being due to either increased cerebral blood volume or increased brain water. The protein content of oedema fluid can mask any decrease in Hounsfield number brought about by increased brain water. 8 An obstruction of venous outflow would be likely to produce small ventricles' and could lead to increased brain water and decreased absorption of CSF. Prior to introduction of the CT scan, however, many patients had carotid angiograms. and evidence of sinus thrombosis was lacking. Although some cases of so-called "otitic hydrocephalus" were attributed to venous sinus thrombosis, there is no evidence of venous obstruction in these patients with idiopathic benign intracranial hypertension.
Obesity may be an important aetiological factor in benign intracranial hypertension: certainly patients with persisting symptoms were strikingly obese compared with those whose symptoms had resolved. In the past little attention has been paid to obesity as a prognostic feature, but Weisberg9 surveyed 120 patients with benign intracranial hypertension and noted that of those whose symptoms resolved within three months only 33% were obese. By contrast, 90% of patients whose symptoms persisted for at least 12 
